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(54) Luminescence device and metal coordination compound therefor 

(57) A luminescence device is principally constituted by a pair of electrodes and an organic compound layer dis- 
posed therebetween. The organic compound layer contains a metal coordination compound characterized by having 
a partial structure represented by the following formula (1): 



(1). 



wherein each of N and C represents an atom constituting a cyclic group. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

5 [0001] The present invention relates to a luminescence device and a metal coordination compound therefor More 
specifically, the present invention relates to a luminescence device employing an organic metal coordination compound 
having platinum center metal as a luminescence material so as to allow stable luminescence efficiency, and a metal 
coordination compound adapted for use in the luminescence device. 

[0002] An organic electroluminescence EL device has been extensively studied as a luminescence device with a 
10 high responsiveness and high efficiency. 

[0003] The organic EL device generally has a sectional structure as shown in Figure 1 A or 1 B (e.g., as described in 
"Macromol. Symp.", 125, pp. 1 - 48 (1997)). 

[0004] Referring to the figures, the EL device generally has a structure Including a transparent substrate 1 5, a trans- 
parent electrode 14 disposed on the transparent substrate 15, a metal electrode 1 1 disposed opposite to the transparent 
15 electrode 14, and a plurality of organic (compound) layers disposed between the transparent electrode 14 and the 
metal electrode 11. 

[0005] Referring to Figure 1 , the EL device in this embodiment has two organic layers including a luminescence layer 
1 2 and a hole transport layer 1 3. 

[0006] The transparent electrode 14 may be formed of a film of ITO (indium tin oxide) having a larger work function 
20 to ensure a good hole injection performance into the hole transport layer. On the other hand, the metal electrode 11 
may be formed of a layer of aluminum, magnesium, alloys thereof, etc., having a smaller work function to ensure a 
good electron injection performance into the organic layer(s). 

[0007] These (transparent and metal) electrodes 14 and 11 may be formed in a thickness of 50 - 200 nm. 
[0008] The luminescence layer 12 may be formed of, e.g., aluminum quinolinoi complex (representative example 
25 thereof may include Alq3 described hereinafter) having an electron transporting characteristic and a luminescent char- 
acteristic. The hole transport layer 13 may be formed of, e.g., triphenyldiamine derivative (representative example 
thereof may include a-NPD described hereinafter) having an electron donating characteristic. 

[0009] The above-described EL device exhibits a rectification characteristic, so that when an electric field is applied 
between the metal electrode 11 as a cathode and the transparent electrode 14 as an anode, electrons are injected 

30 from the metal electrode 11 into the luminescence layer 12 and holes are injected from the transparent electrodes 14. 
[001 0] The thus-injected holes and electrons are recombined within the luminescence layer 12 to produce excitons, 
thus causing luminescence. At that time, the hole transport layer 1 3 functions as an electron-blocking layer to increase 
a recombination efficiency at the boundary between the luminescence layer 12 and the hole transport layer 13, thus 
enhancing a luminescence efficiency. 

35 [0011] Referring to Figure 1B, in addition to the layers shown in Figure 1 A, an electron transport layer 16 is disposed 
between the metal electrode 11 and the luminescence layer 12, whereby an effective carrier blocking performance can 
be ensured by separating functions of luminescence, electron transport and hole transport, thus allowing effective 
luminescence. 

[0012] The electron transport layer 16 may be formed of, e.g., oxadiazole derivatives. 
40 [001 3] In ordinary organic EL devices, fluorescence caused during a transition of luminescent center molecule from 
a singlet excited state to a ground state is used as luminescence. 

[0014] On the other hand, not the above fluorescence (luminescence) via singlet exciton, phosphorescence (lumi- 
nescence) via triplet exciton has been studied for use in organic EL device as described in, e.g., "Improved energy 
transfer in electrophosphorescent device" (D.F. O'Brien et al., Applied Physics Letters, Vol. 74, No. 3, pp. 442 - 444 
45 (1999)) and "Very high-efficiency green organic light-emitting devices based on electrophosphorescence" (M.A. Baldo 
et al., Applied Physics Letters, Vol. 75, No. 1, pp. 4 - 6 (1999)). 

[0015] The EL devices shown in these documents may generally have a sectional structure shown in Figure 1C. 
[0016] Referring to Figure 1C, four organic layers including a hole transfer layer 13, a luminescence layer 12, an 
exciton diffusion-prevention layer 17, and an electron transport layer 16 are successively formed in this order on the 

50 transparent electrode (anode) 14. 

[0017] In the above documents, higher efficiencies have been achieved by using four organic layers including a hole 
transport layer 1 3 of a-NPD (shown below), an electron transport layer 16 of Alq3 (shown below), an exciton diffusion- 
prevention layer 17 of BPC (shown below), and a luminescence layer 12 of a mixture of CPB (shown below) as a host 
material with lr(ppy) 3 (shown below) or PtOEP (shown below) as a guest phosphorescence material doped into CBP 

55 at a concentration of ca. 6 wt. %. 
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Alq3: tris(8-hydroxyquinoline) aluminum (aluminum-quinolinol complex), 

ot-NPD: N4 > N4 , -di-naphthalene-1-yl-N4,N4 , -diphenyl-biphenyl-4,4 , -diamine (4,4'-bis[N-(1-naphthyl)-N-phenyl- 
aminojbiphenyl), 

CBP: 4,4'-N,N , -dicarbazo!e-biphenyl, 

BCP: 2,9-dimethyl-4,7-diphenyl-1 ,10-phenanthroline, 

lr(ppy) 3 : fac tris(2-pheny1pyridine)iridium (iridium-phenylpyridine complex), and 

PtEOP: 2,3,7,8,12,13,17,18-octaethyl-21H,23H-porphine platinum (platinum-octaethyl porphine complex). 



[0018] The phosphorescence (luminescence) material used in the luminescence layer 12 has attracted notice. This 
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is because the phosphorescence material is expected to provide a higher luminescence efficiency in principle. 
[0019] More specifically, in the case of the phosphorescence material , excitons produced by recombination of carriers 
comprise singlet excitons and triplet excitons presented in a ratio of 1:3. For this reason, when fluorescence caused 
during the transition from the singlet excited state to the ground state is utilized, a resultant luminescence efficiency is 

5 25 % (as upper limit) based on all the produced excitons in principle. 

[0020] On the other hand, in the case of utilizing phosphorescence caused during transition from the triplet excited 
state, a resultant luminescence efficiency is expected to be at least three times that of the case of fluorescence in 
principle. In addition thereto, if intersystem crossing from the singlet excited state (higher energy level) to the triplet 
excited state is taken into consideration, the luminescence efficiency of phosphorescence can be expected to be 100 

10 % (four times that of fluorescence) in principle. 

[0021] The use of phosphorescence based on transition from the triplet excited state has also been proposed in, e. 
g., Japanese Laid-Open Patent Application (JP-A) 11-329739, JP-A 11-256148 and JP.A 8-319482. 
[0022] However, the above-mentioned organic EL devices utilizing phosphorescence have accompanied with a prob- 
lem of luminescent deterioration particularly in an energized state. 

1 5 [0023] The reason for luminescent deterioration has not been clarified as yet but may be attributable to such a phe- 
nomenon that the life of triplet exciton is generally longer than that of singlet exciton by at least three digits, so that 
molecule is placed in a higher-energy state for a long period to cause reaction with ambient substance, formation of 
exciplex or excimer, change in minute molecular structure, structural change of ambient substance, etc. 
[0024] Accordingly, the (electro)phosphorescence EL device is expected to provide a higher luminescence efficiency 

20 as described above, while the EL device is required to suppress or minimize the luminescent deterioration in energized 
state. 

SUMMARY OF THE INVENTION 

25 [0025] An object of the present invention is to provide a luminescence device capable of providing a high-efficiency 
luminescent state at a high brightness (or luminance) for a long period while minimizing the deterioration in lumines- 
cence in energized state. 

[0026] Another object of the present invention is to provide a metal coordination compound as a material suitable 
for an organic layer for the luminescence device. 
30 [0027] According to the present invention, there is provided a luminescence device, comprising: an organic com- 
pound layer comprising a metal coordination compound having a partial structure represented by the following formula 
(1): 



35 




U), 



wherein each of N and C represents an atom constituting a cyclic group. 
40 [0028] According to the present invention, there is also provided a metal coordination compound, adapted for use 
in a luminescence device, having a partial structure represented by the following formula (1): 

C 

wherein each of N and C represents an atom constituting a cyclic group. 

[0029] These and other objects, features and advantages of the present invention will become more apparent upon 
50 a consideration of the following description of the preferred embodiments of the present invention taken in conjunction 
with the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

55 [0030] Figures 1A, 1B and 1C are respectively a schematic sectional view of a layer structure of a luminescence 
device. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0031 J In the case where a luminescence layer for an organic EL device is formed of a carrier transporting host 
material and a phosphorescent guest material, a process of emission of light (phosphorescence) may generally involve 
the following steps: 

(1) transport of electron and hole within a luminescence layer, 

(2) formation of exciton of the host material, 

(3) transmission of excited energy between host material molecules, 

(4) transmission of excited energy from the host material molecule to the guest material molecule, 

(5) formation of triplet exciton of the guest material, and 

(6) emission of light (phosphorescence) caused during transition from the triplet excited state to the ground state 
of the guest material. 

[0032] In the above steps, desired energy transmission and luminescence may generally be caused based on various 
deactivation and competition. 

[0033] In order to improve a luminescence efficiency of the EL device, a luminescence center material per se is 
required to provide a higher yield of luminescence quantum. In addition thereto, an efficient energy transfer between 
host material molecules and/or between host material molecule and guest material molecule is also an Important factor. 
[0034] Further, the above-described luminescent deterioration in energized state may presumably relate to the lu- 
minescent center material per se or an environmental change thereof by its ambient molecular structure. 
[0035] For this reason, our research group has extensively investigated an effect of use of the metal coordination 
compound (platinum complex) having a partial structure of formula (1) as the luminescent center material and as a 
result, has found that the metal coordination compound having the partial structure of formula (1 ) allows a high-efficiency 
luminescence (e.g., luminescence efficiency of at least 1 cd/W) with a high brightness (luminance) for a long period 
(e.g., a luminance half-life of at least 500 hours at an initial luminance of 100 cd/m 2 ) (i.e., a decreased luminescent 
deterioration in energized state). 

[0036] The metal coordination compound having a partial structure of formula (1) may preferably be represented by 
any one of the following formulas (1-1) to (1-6): 




(1-1), 



CyCl<^ — ^-CyC2 



CyNl \ ^CyCl 

I Pt I 
CyCl^ ^CyC2 



(1-2), 




CyN2 



(1-3), 



CyC2 



EP 1 191 614 A2 



CyNl 



CyN2 



(1-4), 



5 



CyCl 



^CyC2 



10 



(jyNl^ ^CyN2 
CyCl^ \CyC2 



(1-5), 



15 



CyNl\ 

i 

CyCl ^ 




CyN2 



(1-6), 



20 



CyC2 



wherein CyN1 and CyN2 independently denote a cyclic group containing a nitrogen atom connected to Pt and capable 
of having a substituent, and CyC1 and CyC2 independently denote a cyclic group containing a carbon atom connected 
25 to Pt and capable of having a substituent, each of the substituents for CyN1, CyN2, CyC1 and CyC2 being selected 
from the group consisting of a halogen atom; nitro group; a trialkylsilyl group containing three linear or branched alky! 
groups each independently having 1 - 8 carbon atoms; and a linear or branched alkyl group having 1 - 20 carbon atoms 
capable of including one or at least two non-neighboring methylene groups which can be replaced with -O-, -S-, -CO-, 
-CO-O-, -O-CO-, -CH=CH- or -C^C-and capable of including a hydrogen atom which can be replaced with a fluorine 



[0037] The metal coordination compound may more preferably be represented by the formula (1-1) or the formula 
(1-2) in order to allow further improved high-efficient luminance while minimizing the luminescent deterioration in en- 
ergized state. 

[0038] At least one of CyN1 and CyN2 in the formulas (1-1) to (1-6) may preferably be a substituted or unsubstituted 
35 cyclic group having a ring structure selected from the group consisting of pyridine, pyrimidine, pyrazoline, pyrrole, 
pyrazole, quinoline, isoquinoline, and quinoxaiine. Further, at least one of CyC1 and CyC2 in the formulas (1 -1 ) to (1-6) 
may preferably be a substituted or unsubstituted cyclic group selected from the group consisting of phenyl, naphthyl, 
thienyl, benzothienyl, and quinolyl. 

[0039] The metal coordination compound (platinum complex) specifically represented by the above formulas (1-1) 
40 to (1-6) causes phosphorescence (luminescence) and is assumed to have a lowest excited state comprising a triplet 
excited state liable to cause metal-to-ligand charge transfer (MLCT* state). The phosphorescent emission of light (phos- 
phorescence) is produced during the transition from the MLCT* state to the ground state. 

[0040] The metal coordination compound according to the present invention has been found to provide a higher 
phosphorescence yield of 0.05 - 0.9 and a shorter phosphorescence life of 1 - 30 usee. 

45 [0041] A phosphorescence yield (P(m)) is obtained based on the following equation: 

P(m)/P(s) = (S(m)/S(s)) x (A(s)/A(m)), wherein P(m) represents a phosphorescence yield of an (unknown) objective 
luminescent material, P(s) represents a known (standard) phosphorescence yield of standard luminescent material (Ir 
(ppy) 3 ) t S(m) represents an integrated intensity of (photo-)excited emission spectrum of the objective material, S(s) 
represents a known integrated intensity of the standard material, A(m) represents an absorption spectrum of an excited 

50 light wavelength of the objective material, and A(s) represents a known absorption spectrum of the standard material. 
[0042] The shorter phosphorescence life is necessary to provide a resultant EL device with a higher luminescence 
efficiency. This is because the longer phosphorescence life increases molecules placed in their triplet excited state 
which is a waiting state for phosphorescence, thus lowering the resultant luminescence efficiency particularly at a 
higher current density. 

55 [0043] Accordingly, the metal coordination compound according to the present invention is a suitable luminescent 
material for an EL device with a higher phosphorescence yield and a shorter phosphorescence life. 
[0044] In a conventional phosphorescent EL device uses the platinum-porphiline complex (e.g., PtOEP described 
above) is used as the luminescent material. On the other hand, the metal coordination compound according to the 



30 



atom. 
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present invention has a carbon-platinum bond (C-Pt bond) in its molecular structure, thus particularly effectively ex- 
hibiting a heavy atom effect of platinum (Pt) compared to the case of N-Pt bond (in PtOEP). As a result, a spin-orbit 
interaction is enhanced to realize a higher phosphorescence yield and a shorter phosphorescence life at the same time. 
[0045] Further, molecules of the metal coordination compound have a shorter time period wherein they stay in the 
5 triplet excited state, thus prolonging the life of the EL device with less deterioration. In this regard, the metal coordination 
compound according to the present invention has been substantiated to exhibit excellent stability of luminance as 
shown in Examples described hereinafter. 

[0046] In the case of phosphorescent (luminescent) material, luminescent characteristics are largely affected by its 
molecular environment. On the other hand, principal characteristics of the fluorescent material are studied based on 
10 photoluminescence. 

[0047] For this reason, results of photoluminescence of the phosphorescent material do not reflect luminescent char- 
acteristics of the resultant EL device in many cases since the luminescent characteristics in the case of the phospho- 
rescent material depend on a magnitude of polarity of ambient host material molecules, ambient temperature, presence 
state of the material (e.g., solid state or liquid state, etc. Accordingly, different from the fluorescent material, it is generally 
15 difficult to expect the resultant EL characteristics for the phosphorescent material by simply removing a part of char- 
acteristics from photoluminescence results. 

[0048] As a feature of molecular structure, the platinum complex has a planar structure, energy transfer of triplet 
exciton (i.e., energy transfer from host material molecule in the triplet excited state to guest material molecule) is 
performed based on electron exchange between adjacent molecules (so-called Dexter transfer). Accordingly, a degree 
i 20 of overlapping of electron cloud between adjacent molecules is an important factor, so that the planar (molecular) 
structure is suitable for efficient energy transfer. 

[0049] On the other hand, lr(ppy) 3 (indium-phenylpyrimidine complex) as used in the above-described conventional 
EL device has a steric octahedral coordination structure, thus failing to perform efficient energy transfer (Dexter transfer) 
from host material molecule. 

25 [0050] As described above, the metal coordination compound (platinum complex) according to the present invention 
is a suitable luminescent material for EL device. 

[0051 ] The luminescence device (EL) device according to the present invention employs the above-mentioned metal 
coordination compound in an organic layer, particularly a luminescence layer. 

[0052] Specifically, the luminescence device may preferably include the organic layer comprising the metal coordi- 
30 nation compound between a pair of oppositely disposed electrodes comprising a transparent electrode (anode) and a 
metal electrode (cathode) which are supplied with a voltage to cause luminescence, thus constituting an electric-field 
luminescence device. 

[0053] The liquid crystal of the present invention has a layer structure shown in Figures 1A to 1C as specifically 
described above. 

. 35 [0054] By the use of the metal coordination compound of the present invention, the resultant luminescence device 
has a high luminescence efficiency as described above. 

[0055] The luminescence device according to the present invention may be applicable to devices required to allow 
energy saving and high luminance, such as those for display apparatus and illumination apparatus, a light source for 
printers, and backlight (unit) for a liquid crystal display apparatus. Specifically, in the case of using the luminescence 

to device of the present invention in the display apparatus, it is possible to provide a flat panel display apparatus capable 
. of exhibiting an excellent energy saving performance, a high visibility and a good lightweight property. With respect to 

the light source, it becomes possible to replace a laser light source of laser beam printer currently used widely with 
the luminescence device according to the present invention. Further, when the luminescence device of the present 
invention is arranged in independently addressable arrays as an exposure means for effecting desired exposure of 

45 light to a photosensitive drum for forming an image, it becomes possible to considerably reducing the volume (size) of 
image forming apparatus. With respect to the illumination apparatus and backlight (unit), the resultant apparatus (unit) 
using the luminescence device of the present invention is expected to have an energy saving effect. 
[0056] Hereinbelow, the metal coordination compound used in the luminescence device of the present invention will 
be described more specifically. 

50 [0057] Specific and non-exhaustive examples of the metal coordination compound preferably having the above- 
mentioned formulas (1-1) to (1-6) may include those (Example Compound Nos. 101 - 267) shown in Tables 1-7. 
[0058] In Tables 1 - 7, abbreviations for respective cyclic groups (CyN1 , CyN2, CyC1 , CyC2) represent groups shown 
beidw. 

55 
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[0059] In the above structural formulas, an unconnected covalent (single) linkage extended from nitrogen atom (N) 
in a lower-right direction except for Pz' is a linkage connected to platinum atom (Pt), and the other unconnected covalent 
linkage is a linkage connected to an adjacent cyclic group. 
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[0060] In the above structural formulas (Ph to Pz and Ph* to Pz'), an unconnected covalent (single) linkage extended 
in an upper-right direction is a linkage connected to platinum atom (Pt), and the other unconnected covalent linkage 
extended in an upper direction is a linkage connected to an adjacent cyclic group. 



EP 1 191 614 A2 



Table 1 



Ex. 
Comp. 



Formula^ 



R4 



101 


( l-l ) 


1 " 

Pr 


Pr 


Ph 


Pb 


H 


H 


H 


H 


102 


( 1-1 ) 


Pr 


Pr 


TqI 


TBI 


K 


« 


H 


H 


103 


( 1-1 ) 


Pr 


Pr 


To2 


Ta2 


11 


H 


H 


H 


104 


( 1-1 > 


Pr 


Pr 


Tn3 


To3 


H 


H 


H 


H 


10S 


( l-l ) 


Pr 


Pr 


BTnl 


BTnl 


H 


H 


11 


H 


106 


( 1-1 ) 


Pf 


Pr 


BTd2 


BTfl2 


H 


H 


H 


H 


107 


( l-l ) 


Pr 


Pr 


Hp 


Rp 


H 


H 


H 


H 


108 


( 1-1 ) 


Pr 


Pr 


Qui 


Qal 


H 


H 


H 


H 


109 


< 1-1 ) 


Pr 


Pr 


Qn2 


Qn2 


* H 


H 


H 


H 


110 


< 1-1 ) 


Pa 


Pa 


Pb 


Ph 


H 


H 


H 


H 


111 


< l-l ) 


P4 


Pa 


tnt 


Tnl 


H 


H 


H 


II 


112 


( 1-1 ) 


Pa 


Pa 


To2 


Tn2 


H 


H 


H 


H 


in 


< l-l ) 


Pa 


Pa 


Ta3 


To3 


H 


H 


K 


11 


114 


( 1-1 ) 


Pa 


Pa 


I firm 


STftl 


H 


H 


H 


H 


US 


< l-l ) 


Pa 


Pa 


BTa2 


*To2 


H 


H 


H 


K 


111 


( 11 ) 


Pa 


Pa 


«P 


Wp 


H 


H* 


H 


H 


117 


< 1-1 ) 


Pa 


Pa 


Qal 


Qui 


H 


fi 


H 


H 


MB 


< l-l ) 


Pa 


Pa 


Qa2 


QDZ 


H 


H 


H 


H 


119 


( 1-1 ) 


H 


Pi 


Pb 


Ph 


H 


H 


H 


H 


120 


( 1-1 ) 


ft 


Pa 


Tnl 


Tnl 


H 


H 


H 


H 


121 


( 11 ) 


Pa 


Pi 


Ta2 


TaZ 


N 


H 


H 


H 


122 


( l-l ) 


Pi 


Ps 


Tft3 


Ta3 


H 


H 


H 


K 


123 


< 11 ) 


Pi 


Pi 


BTnl 


BTol 


H 


H 


H 


H 


124 


i l-l ) 


n 


Pt 


9Tn2 


8To2 


H 


H 


N 


H 


12S 


< 1-1 ) 


n 


P* 


Kp 


MP 


H 


H 


H 


11 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



10 



EP 1 191 614 A2 



Tdble 2 



Ex. 
Coitip. 



Fotrmula 



CyNlj CyN2j CyClJ 



CyClJ CyC2 



Rl 



R2 



R3 



R4 



X 



126 


( 1-1 ) 


Pi 


Pi 


Qnl 


Qnl 


H 


K 


K 


H 


t27 


( 1-1 ) 


Pi 


Pi 


<fc2 


Qn2 


K 


H 


H 


H 


128 


ao 


Pr 


Pr 


fh 


Ph 


H 


H 


H 


H 


129 


(1-2) 


Pr 


Pr 


Tol 


Tol i 


H 


H 


11 


H 


130 


(1-2) 


Pr 


Pr 


Tn2 


Ta2 


R 


H 


H 


H 


131 


0-2) 


Pr 


Pr 


BTol 


BTal 


H 


H 


II 


II 


132 


(1-2) 


Pr 


Pr 


BTa2 


BTa2 


H 


H 


H 


H 


133 


(1-2) 


Pr 


Pr 


Hp 


•fp 


H 


H 


(1 


H 


134 


(1-2) 


Pr 


Pr 


(hi 


Qnl 


H 


H 


H 


H 


135 


(1-2) 


Pr 


Pr 


Qn2 


Qn2 


H 


H 


H 


H 


136 


(1-2) 


Pr 


Pr 


Qx 


Qx 


H 


H 


H 


K 


137 


(1-2) 


Pr 


Pr 


Oil 


Oil 


H 


H 


H 


II 


138 


(1-2) 


Pr 


Pr 


Qi2 


0x2 


H 


1! 


II 


N 


139 


(1-2) 


Pr 


Pr 


Cnl 


Cat 


H 


K 


H 


H 


uo 


(1-2) 


Pr 


Pr 


ChZ 


C»Z 


H 


H 


H 


H 


Ml 


(1-2) 


Pr 


Pr 


Pi 


Pi 


H 


H 


H 


H 


142 


(1-2) 


N 


Pd 


Ph 


Ph 


H 


H 


H 


H 


143 


(1-2) 


W 


Pd 


Tal 


M 


H 


H 


H 


H 


144 


(1-2) 


Pd 


Pd 


To2 


Tn2 


H 


II 


H 


H 


14S 


(1-2) 


Pd 


Pd 


BTnl 


BTol 


H 


it 


H 


H 


146 


0-2) 


Pd 


Pd 


6Tn2 


BTu2 


H 


H 


H 


K 


147 


(1-2) 


Pd 


Pd 


Kp 


up 


H 


H 


H 


H 


146 


0-2) 


Pd 


W 


Qnl 


Qnl 


H 


H 


H 


II 


149 


(1-2) 


Pd 


Pd 


0*2 


Qn2 


H 


H 


11 


H 


ISO 


0-2) 


Pd 


Pd 


Qx 


Qi 


H 


K 


H 


It 



55 



11 



EP 1 191 614 A2 



fable 3 
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T^ble 4 
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Ex- 
Coffl£. 
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Table 5 
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Ex. 
Comp. 
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Table 6 



Ex- 




tUlaJ CyNlJ CyteJ CyClj CyC2 Rlj «2 R3 K4 
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Table 7 



Ex. 
Cdmp. 



Formula! CyNl J CyN2 CyClJ CyC2 J Rl 
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[0061] Of the metal coordination compound preferably having the above-mentioned formulas (1-1) to (1-6), those of 
formulas (1-1) and (1-2) may, e.g., be synthesized through the following reacton schemes. 
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(1-D 



CyCl-Br CyCl-Li 

I > | cis-PtCl 2 [C 2 Hc ) 2 S ] 2 

CyC2-Br CyC2-Li Z f g Z £^ 



CyCl^ ^S(C 2 H 5 ) 2 ] 

j Pt -C / CyNl -CyN2 

CyC2 J2 > 



CyCl^ ^ CyNl 
CyC2^ ^ CyN2 



(1-2) 



Br-CyN 

(CyC-B(OH) 2 y CyC-CyN) 



cis-PtCl 2 C(C 2 H 5 ) 2 S] 2 + 2X | 

C; 



CyN 

yc 



CyNl\ / CyN2 
CyCl CyC2 



[0062] Hereinbelow, the present invention will be described more specifically based on Examples with reference to 
the drawing. 

Examples 1-11 

[0063] In these examples, the following metal coordination compounds (Pt complexes) 1-11 were used in respective 
luminescence layers for Examples 1-11, respectively. 



Compound 1 
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Compound 4 



<5^x 



Compound 5 




Compound 6 
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Compound 7 

H3CO 

5 



Compound 8 

15 
25 

Compound 9 



30 



F 

35 



Compound 10 




Compound 11 

50 
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[0064] Each of luminescence devices having a structure shown in Figure 1 B were prepared in the following manner. 
[0065] On a glass substrate (transparent substrate 15), a 100 nm-thick film (transparent electrode 14) of ITO (indium 
tin oxide) was formed by sputtering, followed by patterning to have an (opposing) electrode area of 3 mm 2 . 
[0066] On the ITO-formed substrate, three organic layers and two metal electrode layers shown below were succes- 
5 sively formed by vacuum (vapor) deposition using resistance heating in a vacuum chamber (10 4 Pa). 

Organic layer 1 (hole transport layer 13) (40 nm): oc-NPD 

Organic layer 2 (luminescence layer 1 2) (20 nm): mixture of CBPPt complex (metal coordination compound) (95: 
5 by weight) 

10 Organic layer 3 (electron transport layer 16) (30 nm): Alq3 

Metal electrode layer 1 (metal electrode 11) (15 nm): Al-U alloy (Li = 1.8 wt. %) 
Metal electrode layer 2 (metal electrode 11) (100 nm): Al 

[0067] Each of the thus-prepared luminescence devices was taken out of the vacuum chamber and was subjected 
15 to a continuous energization test in an atmosphere of dry nitrogen gas stream so as to remove device deterioration 
factors, such as oxygen and moisture (water content). 

[0068] The continuous energization test was performed by continuously applying a voltage at a constant current 
density of 70 mA/cm 2 to the luminescence device having the ITO (transparent) electrode (as an anode) and the Al 
(metal) electrode (as a cathode), followed by measurement of luminance (brightness) with time so as to determine a 
20 time (luminance half-life) required for decreasing an initial luminance (80 - 120 cd/m 2 ) to 1/2 thereof. 
[0069] The results are shown in Table 8 appearing hereinafter. 

Comparative Example 1 

25 [0070] A comparative luminesceice device was prepared and evaluated in the same manner as in Example 1-11 
except that the Pt complex (metal coordination compounds 1 - 11) was changed to Ir-phenylpyrimidine complex (Ir 
(ppy) 3 ) shown below. 



35 




40 

[0071] The results are shown in Table 8 below. 



Table 8 
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Ex. No. 


Compound No. 


Luminance half-life (Hr) 


Ex. 1 
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500 


Ex. 2 
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400 


Ex. 3 
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600 


Ex.4 
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Ex. 5 
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950 


Ex. 6 
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Ex. 7 
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850 


Ex. 8 
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600 


Ex. 9 
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450 


Ex. 10 


10 


900 


Ex. 11 


11 


550 


Comp.Ex. 1 


>r(ppy) 3 


350 
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[0072] The luminescence devices using the metal coordination compounds 3, 5, 6, 7 and 11 caused red lumines- 
cence, and the luminescence devices using the metal coordination compounds 2 and 4 caused orange luminescence. 
Further, the luminescence devices using the metal coordination compounds 1 and lr(ppy) 3 caused green luminescence. 

5 Example 12 (Synthesis of Compound 2) 

[0073J 



10 

cis-PtCl 2 [(C 2 H s )2S] 2 + 2X 

15 




[0074] In a 3 liter-three necked flask, 14.6 g (90.6 mM) of 2-(2-thienyl)pyridine and 912 ml of anhydrous ether were 
20 placed and stirred at -70 °C or below in an argon gas stream. To the mixture, 62.2 ml (99.5 mM) of 1 .6M-t-butyllithium 
solution in pentane was added dropwise in ca. 35 min., followed by stirring at -70 °C for 40 min. At that temperature, 
a suspension of 8.5 g (19.0 mM) of cis-PtCI 2 [(C 2 H5) 2 S]2 in a mixture solvent of 289 ml of anhydrous ether and 73 ml 
of tetrahydrofuran (THF) was added dropwise in ca. 1 hour to the resultant mixture, followed by stirring at -70 °C for 
30 min. and gradual temperature rise up to 0 °C in ca. 2 hours. To the reaction mixture, 912 ml of water was gradually 
25 added dropwise at 0 °C. The organic layer was washed with common salt aqueous solution and the aqueous (water) 
layer was subjected to extraction with methylene chloride. The resultant organic layer (from the organic and aqueous 
layers) was dried with anhydrous sodium sulfate, followed by distilling-off of the solvent to obtain a residue. The residue 
was recrystallized from a mixture solvent (hexane/methylene chloride) to obtain 4.50 g of cis-bis[2-(2-thienyl)pyridi- 
nato-N.C 5 '] platinum (II) (Yield: 45.8 %). 

30 

Example 13 (Synthesis of Compound 5) 
[0075] 

35 



40 




[0076] In a 1 liter-three necked flask, 26.6 g (168.5 mM) of 2-bromopyridine, 30.0 g (168.5 mM) of benzo[b]thiophene- 
2-boronic acid, 1 70 ml of toluene, 85 ml of ethanol and 1 70 mi of 2M-sodium carbonate aqueous solution were placed 
and stirred in a nitrogen gas stream at room temperature. Under stirring, to the mixture, 6.18 g (5.35 mM) of tetrakis 
(triphenyl-phosphine) palladium (0) was added, followed by heat-refluxing for 5.5 hours under stirring in nitrogen gas 
stream. 

[0077] After the reaction, the reaction mixture was cooled, followed by extraction with cool water and toluene. The 
organic layer was washed with water until the system showed neutral, followed by distilling off of the solvent under 
reduced pressure to obtain a residue. The residue was purified by silica gel column chromatography (eluent: 
toluene/hexane = 5/1 ) to obtain a colorless crystal. The crystal was purified by alumina column chromatography (eluent: 
toluene) and recrystallized from ethanol to obtain 12.6 g of 2-(pyridine-2-yl)benzo[b]thiophene (Yield: 35.4 %). 
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5 cis-PtCI 2 [(C 2 H 5 )2Sl2 + 2 X 

10 




[0078] In a 3 liter-three necked flask, 6.73 g (31 .9 mM) of 2-(benzo[b]thiophene-2-yl) pyridine and 636 ml of anhydrous 
ether were placed and stirred at -70 °C or below in an argon gas stream. To the mixture, 21.9 ml (35.0 mM) of 1.6M- 

15 t-butyllithium solution in pentane was added dropwise in ca. 20 min., followed by stirring at -70 °C for 50 min. At that 
temperature, a suspension of 2.97 g (6.68 mM) of cis-PtCI 2 [(C 2 H 5 ) 2 S] 2 in a mixture solvent of 101 ml of anhydrous 
ether and 25 ml of tetrahydrofuran (THF) was added dropwise in ca. 30 min. to the resultant mixture, followed by stirring 
at -70 °C for 1 hour, and gradual temperature rise up to 0 °C in ca. 2 hours. To the reaction mixture, 318 ml of water 
was gradually added dropwise at 0 °C. The organic layer was washed with common salt aqueous solution and the 

20 aqueous (water) layer was subjected to extraction with methylene chloride. The resultant organic layer (from the organic 
and aqueous layers) was dried with anhydrous sodium sulfate, followed by distilling-off of the solvent to obtain a residue. 
The residue was recrystallized from a mixture solvent (hexane/methylene chloride) to obtain 3.10 g of cis-bis[2-(benzo 
[b]thiophene-2-yl)pyridinato-N,C 5 ) platinum (II) (Yield: 75.4 %). 

25 Example 14 (Synthesis of Compound 3) 

[0079] 



30 



35 




40 

[0080] In a 3 liter-three necked flask, 35.0 g (112 mM) of 2,2 , -dibromobiphenyl and 650 ml of anhydrous ether were 
placed and stirred at -60 °C or below In an argon gas stream. To the mixture, 1 53 ml (0.245 mM) of 1 .6M-n-butyllithium 
solution in pentane was added dropwise in ca. 50 min., followed by temperature rise and stirring at room temperature 
for 3 hours. To a suspension of 25.0 g (56.0 mM) of ds-PtCI 2 [(C 2 H 5 ) 2 S] 2 in 833 ml of anhydrous ether cooled and kept 

45 at -10 °C or below, the resultant mixture was added dropwise in ca. 10 min., followed by stirring at -10 °C for 1 hour 
and gradual temperature rise up to 0 °C. To the reaction mixture, 417 ml of water was gradually added dropwise at 0 
°C. The organic layer was washed with common salt aqueous solution and the aqueous (water) layer was subjected 
to extraction with methylene chloride. The resultant organic layer (from the organic and aqueous layers) was dried with 
anhydrous sodium sulfate, followed by distilling-off of the solvent to obtain a residue. The residue was successively 

so recrystallized from a mixture solvent (hexane/ether) and a mixture solvent (hexane/methylene chloride) to obtain 1 .77 
g of a compound (A) (Yield: 7.2 %). 
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10 






(A) 



(B) 



15 



20 



[0081] In a 100 ml-three-necked flask, 21.3 g (136 mM) of 2,2-dipyridyl was placed and melted at 80 °C in an argon 
gas stream, followed by addition of 1.73 g (1.98 mM) of the above-prepared compound (A). The mixture was stirred 
at 80 °C for 10 min. under reduced pressure and cooled to ca. 10 °C to crystallize the mixture. The crystallized mixture 
was dissolved in methylene chloride and thereto, hexane was added to reprecipitate a crystal. The crystal was recov- 
ered by filtration, followed by recrystallization from a mixture solvent (hexane/methylene chloride) to obtain 1.90 g of 
an objective compound (B) (Yield: 95.4 %). 

Examples 1 5 - 20 (Synthesis of Compounds 1 , 4, 6, 7, 8 and 11 ) 



[0082] Compounds 1, 4, 6, 7, 8 and 11 were prepared in a similar manner as in Example 12, respectively. 

25 Examples 21 and 22 (Synthesis of Compounds 9 and 10) 

[0083] Compounds 9 and 10 were prepared in a similar manner as in Example 14, respectively. 
[0084] As described hereinabove, according to the present invention, the metal coordination compound (Pt complex) 
preferably having the formulas (1-1) to (1-6) according to the present invention has a higher phosphorescence lumi- 
nescence efficiency and a shorter phosphorescence life, thus being suitable as a luminescence material for an EL 
device. 

[0085] The luminescence device (EL device) using the metal coordination compound according to the present in- 
vention allows a high-efficiency luminescence at a high luminescence for a long period of time while minimizing lumi- 
nescence deterioration in energized state. 

[0086] A luminescence device is principally constituted by a pair of electrodes and an organic compound layer dis- 
posed therebetween. The organic compound layer contains a metal coordination compound characterized by having 
a partial structure represented by the following formula (1): 
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(1), 
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wherein each of N and C represents an atom constituting a cyclic group. 
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1 . A luminescence device, comprising: an organic compound layer comprising a metal coordination compound having 
a partial structure represented by the following formula (1): 



55 



wherein each of N and C represents an atom constituting a cyclic group. 
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A device according to Claim 1 , wherein the metal coordination compound is represented by any one of the following 
formulas (1-1) to (1-6): 

CyN2 

(1-1), 




CyCl 



CyNl^ ^.CyCl 

| PtO (1-2), 
CyCL ^ CyC2 



CyNl^ ^CyN2 

PtC^ (1-3), 
CyCl<l CyC2 



CyNl CyN2 

CyCl^ ^CyC2 



CyNl^ ^CyN2 
CyCl^ ^CyC2 



CyNl \ ^.CyN2 

Pt^ (1-6), 
CyCl^ ^CyC2 

wherein CyN1 and CyN2 independently denote a cyclic group containing a nitrogen atom connected to Pt and 
capable of having a substituent, and CyC1 and CyC2 independently denote a cyclic group containing a carbon 
atom connected to Pt and capable of having a substituent, each of the substituents for CyN1, CyN2, CyC1 and 
CyC2 being selected from the group consisting of a halogen atom; nitro group; a trialkylsilyl group containing three 
linear or branched alkyl groups each independently having 1 - 8 carbon atoms; and a linear or branched alkyl 
group having 1 - 20 carbon atoms capable of including one or at least two non-neighboring methylene groups 
which can be replaced with -0-, -S-, -CO-, -CO-O-, -O-CO-, -CH=CH- or -C^C-and capable of including a hydrogen 
atom which can be replaced with a fluorine atom. 

3. A device according to Claim 2, wherein the metal coordination compound is represented by the formula (1-1) or 
the formula (1-2). 



24 



EP 1 191 614 A2 



A device according to Claim 2 or 3, wherein at least one of CyN1 and CyN2 in the formulas (1-1) to (1-6) is a 
substituted or unsubstituted cyclic group having a ring structure selected from the group consisting of pyridine, 
pyrimidine, pyrazoline, pyrrole, pyrazole, quinoline, isoquinoline, and quinoxaline. 

A device according to any one of Claims 2-4, wherein at least one of CyC1 and CyC2 in the formulas (1-1 to (1-6) 
is a substituted or unsubstituted cyclic group selected from the group consisting of phenyl, naphthyl, thienyl, ben- 
zothienyl, and quinolyl. 

A device according to any one of Claims 1 -5, further comprising a pair of electrodes oppositely disposed to sandwich 
the organic compound layer, wherein a voltage is applied between the pair of electrodes to cause luminescence. 

A metal coordination compound, adapted for use in a luminescence device, having a partial structure represented 
by the following formula (1): 




(1), 



wherein each of N and C represents an atom constituting a cyclic group. 

A compound according to Claim 7, which is represented by any one of the following formulas (1-1) to (1-6): 



CyNl 




CyN2 



(1-1), 



CyNl \ 



^CyCl 
CyC2 



Pt 



(1-2), 



CyCl ^ 




Pt " 

CyCl — CyC2 




(1-3), 




(1-4), 



CyCl ^ ^ CyC2 
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CyNl\ ^CyN2 
CyCl^ ^CyC2 



(1-5), 



CyNl^ 



CyN2 



(1-6), 



Pt 



CyCl 



^ ^CyC2 



wherein CyN1 and CyN2 independently denote a cyclic group containing a nitrogen atom connected to Pt and 
capable of having a substituent, and CyC1 and CyC2 independently denote a cyclic group containing a carbon 
atom connected to Pt and capable of having a substituent, each of the substituents for CyN1, CyN2, CyC1 and 
CyC2 being selected from the group consisting of a halogen atom; nitro group; a trialkylsilyl group containing three 
linear or branched alkyl groups each independently having 1 - 8 carbon atoms; and a linear or branched alkyl 
group having 1 - 20 carbon atoms capable of including one or at least two non-neighboring methylene groups 
which can be replaced with -O, -S-, -CO-, -CO-O-, -O-CO-, -CH=CH- or -C^C-and capable of including a hydrogen 
atom which can be replaced with a fluorine atom. 

. A compound according to Claim 8, which is represented by the formula (1-1) or the formula (1-2). 

0. A compound according to Claim 8 or 9, wherein at least one of CyN1 and CyN2 in the formulas (1-1 ) to (1-6) is a 
substituted or unsubstituted cyclic group having a ring structure selected from the group consisting of pyridine, 
pyrimidine, pyrazoline, pyrrole, pyrazole, quinoline, isoquinoline, and quinoxaline. 

1. A compound according to any one of Claims 8-10, wherein at least one of CyC1 and CyC2 in the formulas (1-10 
to (1-6) is a substituted or unsubstituted cyclic group selected from the group consisting of phenyl, naphthyl, thienyl, 
benzothienyl, and quinolyl. 
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FIG. IB 




FIG. IC 
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